It is true that epidemiology, as a science, has developed since the 17th Century. but the epidemiological perspective. the examination of diseases in populations rather than individuals, remains the same.
Basically, the epidemiological method is designed to detect an association between the disease and a characteristic of the person who has the disease, or a factor in the environment. This perspective differs from the other methods in two important areas. First, the population at risk is examined as a whole. This demands that we look beyond the immediate worker who has reported sick to our office, and maintain a continuous The second area in which epidemiology differs from other perspectives is in the ecological approach. The group is examined in its own environment -for example, working in their occupational areas and citizens in the community -in order to identify the causative and the contributory factors in disease. Inherent in the ecological approach is the notion that disease is the result of a disadvan-taged set of interactions among several genetic and environmental factors.
However, it is not easy to keep this perspective when it is five minutes to quitting time and your feet ache, and three more people have just reported to your clinic with problems. Immersion in a system, or an industry, blurs the obvious, so that a frequent problem quickly becomes "normal" to the nurse, and it is often hard to see beyond the Band-Aid.
The purpose ofthe epidemiological research design is to identify factors contributing to and causing disease so that these factors may be removed from the environment. but in order to understand epidemiological research methods, the underlying model must be clarified.
THE EPIDEMIOLOGICAL MODEL
The epidemiological model provides structure and method for investigating and analyzing a problem and for testing a hypothesis, and the terminology for communicating the findings. The model is muttldtscfpllnary with broad application to social systems. Basically, the model deals with equilibrium states and their imbalances and alterations in a complex, multivariate, ecological system. Its purpose is to provide analytical methods that permit explanation and prediction of disease in the community and to suggest areas of intervention for the prevention of disease. The model consists of two parts: first, the motivating force, or causality and second, the research method for assessing causality.
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CAUSE ---i.~EFFECT include variables from the social environment. This concept of hostenvironment-behavioral factors permits the consideration of multiple etiology and chain reactions without excluding or focusing, and, therefore, detrimentally simplifies the problem.
Multivariate models then can be constructed to show the interaction and impact of other variabtes, systems, or collection of variables on one disease process.
For example, hearing loss often is
COMPONENTS OF SYSTEM
and disease is considered a failure of the system or a failure of man (the host) to adapt to the system.' Disease may be caused by an increased ability (i.e., strength) of the agent to cause disease, an increase in the host population exposed, or the environmental factors may change to favor the agent or the host susceptibility.
Human adaptation, both physiological and behavioral adaptation, must be considered in host factors' which then can be logically extended to CAUSALITY The concept of causality underlies all epidemiological investigation and the most basic types, as described by Woolley (unpublished data, 1973) , are shown in Figure I . The most simple schematic representation is shown in Figure la but, unfortunately, a single cause being necessary and sufficient condition to produce an effect is uncommon. Usually at least two other variables or pre-existing conditions result in a single effect ( Figure Ib) forming complex synergistic effects, extending to include multiple causation ( Figure 1c ), or multiple outcomes ( Figure Id) .
In order for causative agents to be identified, a number of assumptions must be met.' (Woolley, 1973 unpublished data). First, there must be a time sequence involved -the cause must always precede the effect. Second, the specificity is related to the effect: high specificity leads to a single effect, and low specificity leads to multiple effects. For example, some bacteria have high specificity (infection with gonococcus results in gonorrhea), whereas air pollution has low specificity and may cause or exacerbate multiple illnesses.
The third implication is the intensity of the relationship, which is the statistical probability that the cause will result in the effect. For venereal disease, this is high -contact usually results in the disease. But for environmental pollution this is much lower and host factors, such as resistance and amount of exposure, must be considered. The last implication is that the causative agent must always be present and contributory to effect. 2 In nursing perspective, the holistic view of man is considered, and nurses are accustomed to assessing multivariate models of causation. In epidemiology, three components, the host, the agent, and the environment have been traditionally illustrated by a balance ( Figure II ). In this dynamic equilibrium, health is equilibrium, Occupational Health Nursing, April 1982 19 attributed to industrial noise. But other factors also may cause hearing loss, for example, mechanical barriers such as impacted cerumen, nasopharyngitis, repeated ear infections, or factors related to physiological aging or heredity. So that as the number of variables increase, so do the number of systems involved. As the complexity increases, the association of each variable with the effect decreases, and identification of causality becomes a much more difficult task.
To summarize, the epidemiological model focuses on the interactive processes among variables that consist of the necessary sets of causes, weighing the correlation between the systems. The model does not negate or weaken the assumptions underlying causality, but rather strengthens the model by investigation of the process of transferring causes into effects.
RESEARCH DESIGN
As stated, the purpose of epidemiological research method is to identify, describe, and analyze illness in populations, to identify individuals at risk, and to generate knowledge of factors that will, if manipulated, modify or prevent disease onset. The first step, therefore, is to develop as clearly and succinctly as possible the research hypothesis; and hypotheses begin with hunches, with intuition, with observations, or with comprehensive knowledge, understanding, and insights into the health risks in the environment.
A hypothesis is simply a statement of relationship between the disease and some factor to be investigated. In the formulation of such a statement, however, as many alternative hypotheses as possible must be considered and methods utilized to eliminate as many of these intervening variables as possible. If the hypothesis is too general, or too broad, the data gathering becomes extensive, unfocused, and unmanageable; and the results are more difficult to interpret and causality is less defined.
To test the hypothesis, we have a choice in research design. According 20 to a number of factors, such as allocated resources, the amount of time available, the size of the population, the type of problem, and so forth, the study is a retrospective or a prospective design.
THE RETROSPECTIVE STUDY
This, as its name suggests, is studying the effects of a toxin or some other substance byexamining agroup of people with a history of exposure. Retrospective studies are, therefore, a two-group design, one with the disease and one without. Underlying the disease process is a hypothesis that, for example, the disease cancer was caused by an exposure to a toxin in the work environment. The first group (those exposed to the toxin) are sorted, using medical records and so forth, into the sick and the well. Those without the disease also are sorted into those "exposed" and those "not exposed" and the differences in proportion between the "sick" and the "control" groups are examined.
THE PROSPECTIVE STUDY
The prospective study looks forward to events affecting a population. A representative sample drawn from the population is then allocated into two groups -for example, those exposed to a toxin and those not exposed to the toxin. On as many other variables as possible, the two groups are similar. The prospective study (sometimes called a cohort study) unlike the retrospective study, starts with unaffected individuals and tests the hypothesis that some characteristic or event (e.g. the exposure to the toxin) is more common in the group with disease than in unaffected persons.
Comparatively, the retrospective study begins with the disease, with a sick population, and seeks a common characteristic or causative factor. For example, one examines a group of people with cancer of the lung and then seeks forthe commonality, which may be employment at an asbestos plant. Some of those with lung cancer will have been employed there, some not, but perhaps have a history of heavy cigarette smoking.
Alternatively, the prospective study begins with a characteristic and follows the sample over time. So, all the workers in the asbestos plant will be included in this study and the rates of lung cancer will be compared with a group from a different environment (in this case, one without asbestos).
Occasionally it is difficult to select or to choose between a retrospective or a prospective approach, and each method has its own advantages and limitations. Retrospective studies, when compared with prospective studies, are relatively inexpensive. The data are obtained from records, perhaps gathered for some other purpose, such as population census, morbidity and mortality records, pension records, or sick benefits. Then there are the records that the company has on file in the sick room, and hospital records. So, compared with a prospective study, the data gathering is relatively easy, less expensive, and the information is available as soon as the data are collected and analyzed. However, one serious limitation is that the researcher must use information already collected, and important necessary variables, for example, blood cholesterol for a coronary risk study, will not have been measured and that data will not be available.
In contrast, prospective studies are extremely time consuming. If one starts with a health population and follows them over a period of time (years or even decades), personnel and screening costs may be exorbitant. However, the measurements required can be collected. Pertinent and reliable health histories can be obtained, accurate measurements of exposure to toxins recorded, and appropriate screening methods implemented. The major source of bias comes from attrition. Subjects move, they withdraw from the study, forget their appointments, and change occupations. But these drawbacks are much less problematic than the selection bias occurring with retrospective studies. As the study starts with the disease, an adequate control group is not always assured and only information from survivors may be obtained. The information obtained from the people interviewed may be less reliable because of the subject forgetting, fear of disclosure, and attempts to please the interviewer and give the information, thought by the subject, to be the "right" or the desired answers. At best, the retrospective study will furnish direct estimate of risk, while the prospective study will furnish direct estimates of incidence. If equally feasible, the selection becomes a cost/benefit problem, provided (and here is another consideration) that a prospective study is permissible ethically. The ethical crunch enters the prospective design when one remembers that the hypothesis suggests a causative agent , and your study design necessitates that the investigator waits, without intervention, for the subjects to get sick.
Selecting the best method, therefore, cannot be a carte blanche recommendation . Each case must be carefully cons idered on its own merits , reasonably and responsibly.
THE NURSE'S ROLE
This is, perhaps, a little overwhelming, and I know that you are wondering where you, a nurse in an industrial setting, can fit into this picture.
First, and most important, is a thorough knowledge of the epidem iological approach to the understanding of illness and accident. The first step in the epidemiological approach is the basic research idea and the articulation of the hypothesis. I am talking about the"Ah-ha," " I wonder?" and the " It seems to me.. . ." The nurse is in the best position to make these observations and associations as she is often responsible for screening the patients and spends more time with them than physicians. Therefore, it is appropriate for the nurse to initiate investigation through any of the methods listed on Figure III .
Understanding that diseases in populations are not uniformly distributed, and that "clustering" holds true for an industrial plant as well as for a larger unit of analysis is essential. Some workers are more likely to encounter hearing problems, simply due to the fact that they operate the noisy machines, and are, therefore, exposed to more noise than other workers. In the same plant others have a higher incidence of dermatitis or of some other disease because of higher exposure to toxic substances. Thus, using the epidemiological approach the nurse may identify risk areas (and "map" out the regions) and even without extensive and formal research, initiate preventive measures .
Diligent record keep ing is one of the most crucial functions of the occupational health nurse. Careful monitoring of all health problems, combined w ith the preparation of reports that give a broader picture of the incidence and the prevalence of disease, can greatly influence company policy and awareness. Nurses and those working in operating rooms and exposed to trilene experienced a high rate of miscarriage and abortion that went unreported and unnoticed until ten years ago . Yet this phenomenon was occurring in a population over-endowed with medical knowledge.
SCREENING
If an area appears suspicious and the nurse has some evidence to explore a notion further, it is appropriate to initiate a survey and/or a screening test. Pencil and paper MORSE surveys are less expensive than screening and often provide meaningful information. However, some types of information cannot be obtained by this method (clinical examinations and so forth) and more expensive methods must be implemented.
When evaluating a particular procedure to use in a mass screening program, both the nature of the test and the disease that it is trying to detect must be cons idered. For example, a simple, reliable test is meaningless if the disease it will detect is unimportant. Conversely, an inaccurate test for a disease with a high incidence and morbidity is useless. False negatives (to assess that the disease is absent when it is indeed present) and false positives (to assess that the disease is present when it is absent) are too costly if they occur with regularity. The expense or cost of the screening procedure also must be taken into consideration -both the cost of the procedure and the cost in time, personnel, and equipmentand considered with the "success" of the procedure in a cost/benefit ratio.
When performing clinical examinations, careful control must be utilized to obtain reliable results. All nurses realize the variation obtained in an individual's weight, if the instructions regarding the amount of clothing to be worn while weighing are not followed, or the variation that can occur if different scales are used.
SUMMARY
Epidemiological techniques are old techniques , probably existing since the contagiousness of disease was first observed, and officially, as a science, since the 17th Century. The epidemiological method is designed to detect an association between the disease and a characteristic of the person who has the disease, or a factor in the environment, in order to assist in intervention and prevention of disease in a population. The epidemiological model provides analytical methods that permit explanation and prediction of disease in the (continued on page 42)
KNOWLEDGE OF CANCER FACTS (continued from page 17)
learning needs and to design programs which will motivate them to change behaviors. How can educators accomplish these tasks if they do not know how these workers learn best?
It can be concluded from this study that workers at risk of developing cancer showed a significant increase in knowledge of cancer facts following the cancer education program. It was also concluded that there was no significant difference between the experimental and control groups on their levels of knowledge prior to the cancer education program. Based on these results, it is inferred that the The non-randomization of the sample selections prevents any generalization of the results beyond the study sample. The small number of subjects in the control group also must be considered when drawing conclusions from the study since the smaller the sample the greater the chance for error.
SNAP AND SNIFF•••
Regardless of the limitations, there are clear implications for nursing practice derived from the study. First, nurses in general practice, as well as occupational health nurses, need to become aware of the potential hazards associated with their clients' occupation and to assess their learning needs. The occupational health nurse should use principles of program planning in determining the most efficient and cost-effective means of disseminating information on health matters. One challenge of the occupational health nurse is to demonstrate to management the benefits of health programs. The nurse should use evaluative research techniques to validate the program outcomes and consequently use the findings for appropriate program modification.
